ABSTRACT. Mycorrhizal association increases the absorption of water and nutrients by plants, and thus, affects their metabolism. This study aimed at assessing the single and conjoint effects of the arbuscular mycorrhizal fungus (AMF) Claroideoglomus etunicatum and soil's humic substances (HS) on the composition of essential oil (EO), its antimicrobial activity, and development of basil (Ocimum basilicum L.). The experimental design was completely randomized in a 2 x 2-factorial design (with and without AMF and HS) with 10 replications as follows: T1 -without AMF inoculation and without HS addition; T2 -with AMF inoculation and with HS (2 L/ha); T3 -without AMF inoculation and with HS; T4 -with AMF inoculation and with HS. Plants were grown in pots with 5 kg sterile soil in a greenhouse for 6 months. Then, they were harvested and evaluated for spore density, AMF root colonization, shoot dry matter (SDM), yield and chemical composition of EO as well as minimum inhibitory concentration, used to compare the antimicrobial effect of EO in nine bacteria. The addition of HS to the soil increased the spore density of AMF and SDM (P < 0.001). The AMF inoculation with and without HS increased the EO yield of basil (P < 0.001). The treatments altered the composition of the basil EO, in which a total of fourteen compounds were detected. In treatments with AMF and/or HS, linalool (28.64 to 42.94%) and estragole (27.53 to 47.17%) were the major compounds. However, in the control (without AMF and HS), eugenol (33.90%) was the major compound. The EO showed low microbial activity against bacteria Bacillus cereus, Salmonella enterica serovar typhi, Shigella flexneri, Klebsiella pneumoniae, and Xanthomonas axonopodis pathovar begoniae. AMF inoculation and HS addition could improve the development of basil, increase EO yield, alter the EO chemical composition and its major compounds, but presented low or none microbial activity against most of the bacteria tested in this study.
INTRODUCTION
Medicinal, spicy, and aromatic plants have been used since antiquity by our ancestors around the world. In general, these plants produce components derived from secondary metabolism. Stable oil composition and high amount of its active components are a market prerequisite for medicinal, spice, and aromatic plants. However, such requirements depend on the farming system and environment (Urcoviche et al., 2015; Hanif et al., 2017; Mohr et al., 2017; Lermen et al., 2017) .
Less aggressive cultivation methods are highly recommended for the production of medicinal, herbal, and aromatic plants. Either growth or vigor of plants should be promoted while maintaining product quality. Plants should be well nourished and resistant to biotic and abiotic stresses. These crops should produce large amounts of biomass and medicinal substances inherent to the species without the need for supplements and/or agrochemicals (Urcoviche et al., 2015; Lermen et al., 2017) . The use of soil microorganisms, as arbuscular mycorrhizal fungi (AMF), is an alternative to increase the productivity of this type of plants since AMF contribute to a better development of them (Zubek et al., 2012; Befrozfar et al., 2013; Lermen et al., 2015a , Verma et al., 2016 .
AMF are soil microorganisms that belong to Phylum Glomeromycota, Class Glomeromycetes and form a monophyletic group of fungi classified into four orders, 13 families, and 19 genera, with somewhat 215 species already described (Urcoviche et al., 2014) . There are few studies on mycorrhization with medicinal, spicy, and aromatic plants. Some of them have already demonstrated that mycorrhizae promote in plants an increase in the absorption of nutrients such as phosphorus and nitrogen, an improvement in growth and an increase in the production of secondary metabolites with medicinal and antimicrobial activities (Zubek et al., 2012; Lermen et al., 2015b; Urcoviche et al., 2015; Verma et al., 2016) . Few studies are found in the literature on the effects of AMF inoculation on the growth and production of essential oil (EO) of basil. In a recent study, Tiwari et al. (2017) co-inoculated the AMF Glomus aggregatum and the fungus Trichoderma harzanium in basil and concluded that this interaction can reduce the negative effects of nematodes and, at the same time, increase plant growth and EO production. In another study with basil, inoculation with the AMF Glomus intraradices and humic substance (HS) addition (as vermicomposting) also increased the plant growth by 56% and the EO production by up to 48% (Verma et al., 2016) .
In addition to AMF, HS can affect plant growth and EO production. HS are caused by biological degradation of animal and plant residues and activity of soil microorganisms may affect chemical, physical, and biological properties of soils, increasing plant development, root growth, and total biomass (Befrozfar et al., 2013; Verma et al., 2016; Pandey et al., 2016; Lermen et al., 2017) . HS also alter the soil color and improve soil structure, water retention capacity, ion exchange, and buffering power. In addition, they increase the cation exchange capacity and anion exchange capacity, making cations and anions more available to plants (Pinheiro et al., 2010) .
Microbes that are harmful to human health are increasingly resistant to the most common antibiotics. The indiscriminate use of antibiotics in the treatment and prevention of diseases has raised the resistance of the disease-causing microbes, a fact observed in different species of animals and in humans. Because of this, the demand for natural antibiotics has increased (Machado et al., 2013) .
Many plants and their oils have shown an antimicrobial effect for both Gram-positive and Gram-negative bacteria, as well as fungi, yeasts, viruses, and protozoa (Machado et al., 2012) .
Basil (Ocimum basilicum L.) belongs to a group of medicinal plants commonly used in folk medicine. Belonging to the family Lamiaceae, basil species originate from tropical and subtropical regions of Asia, Africa, and Central and South America. The amount of oil extracted from plants can vary in yield, depending on the part of the plant used for extraction, plant age, harvest season, environmental conditions, harvest time, crop seasonality, and soil biotic factors (Urcoviche et al., 2015; Lermen et al., 2015b; Hanif et al., 2017) .
The basil EO has been used in food industries as a flavoring for confectionery, nonalcoholic beverages, ice cream, and condiments, as well as in cosmetic industries (Hanif et al., 2017) . Some researchers have reported that antimicrobial activities of the basil EO are predominantly associated with its major constituents: estragole and linalool (Elansary et al., 2016; Mith et al., 2016; Avetisyan et al., 2017; Hanif et al., 2017) .
Several biotic and abiotic factors can affect plant growth, yield, chemical composition, and antimicrobial activity of EO. Therefore, this study aimed at assessing the effect of HS and AMF [Claroideoglomus etunicatum (=Glomus etunicatum)] on the yield, composition, and antimicrobial activity of the basil EO. It was expected that AMF and HS would increase plant growth and EO yield and modify the oil composition so that it would alter antimicrobial activity.
MATERIAL AND METHODS

Experiment design and set up
The soil used in this experiment was collected at the experimental farm of the Paranaense University, UNIPAR, in the Umuarama County (Paraná State) at coordinates 23°46'11.34''S and 53°16'41.78''W, and the soil was classified as dystrophic haplustox (red latosol) (LVd19 -Oxisol) (EMBRAPA -Empresa Brasileira de Pesquisa Agropecuária, 2013).
The soil was collected at 0-20 cm in depth to form a sample that was sent for chemical analysis in the "Solo Fértil" Laboratory in Umuarama. Table 1 shows the chemical characteristics of the soil used in this study.
The soil used in the experiment was sieved in a 4-mm mesh and autoclaved at 121°C for 1.5 h. Then, the sterile soil was divided into 5-kg pots to receive the treatments. The AMF treatments received the inoculum C. etunicatum at the dosage of 400 spores/100 g soil per pot (Urcoviche et al., 2015) . The control was prepared with 100 mL of the filtered soil inoculums (100 g soil inoculum/L deionized water) to isolate the effect of AMF inoculation. Treatments with HS received the product Supra Solo of the Tec Seed Company, which consists of 75% humic acid and 25% fulvic acid, at the dose of 2 L per hectare according to the manufacturer instruction. In the 5-kg pots, the proportion was 5.3 g HS per 1.325 L deionized water, applied to those 20 pots corresponding to HS treatments.
Basil seeds were purchased from the FELTRIN Company. Five seeds were sown per pot and after 1 week of germination, thinning was done, leaving two plants per pot. All treatments were irrigated every 2 days as required, with a half concentration of phosphorus of the Hoagland and Arnon (1950) solution. All plants were cultivated in a greenhouse for 4 months.
Spore density and root colonization by AMF
The spores were extracted from sub-samples of 10 g soil with wet sieving meshes (0.710-0.053 mm) (Gerdemann and Nicolson, 1963) and were transferred to Petri dishes for counting and identification using a stereoscopic microscope (40X).
Fine roots were collected, bleached, acidified, and colored with trypan blue as Phillips and Hayman (1970) . The count of colonized root segments was done on slides overlaid with coverslips (Giovannetti and Mosse, 1980) . In total 100 segments were numbered using a stereoscopic microscope (40-100X).
Plant dry matter
The plants were harvested in the morning (7-10 am) and separated the shoots. A sample of shoots from each treatment was dried in forced air lab oven at 65°C for 48 h and weighed on digital scales for shoot dry matter (SDM).
Essential oil
The EO was extracted from 200 g fresh aerial parts in 2 L deionized water and subjected to hydrodistillation in a modified Clevenger apparatus for 3 h. Extracts were obtained in triplicate for each treatment. The EO was removed from the device with hexane, filtered with anhydrous Na 2 SO 4 , stored in amber flasks, and refrigerated in open flasks until total evaporation of the hexane. Then, each extract was weighed to calculate the EO content (weight/weight %).
Chemical identification of essential oil via gas chromatography-mass spectrometry analysis
The EO analysis was carried out in a gas chromatographic system (Agilent 7890 B; Agilent Technologies, Santa Clara, CA, USA), coupled to a mass spectrometer (Agilent 5977 A) equipped with a column of DB-5 (5% phenyl methyl siloxane, 30 m x 0.25 mm ID, 0.25 µm). The following conditions were used: injector temperature of 250°C, the injection volume of 1 µL at a ratio of 1:2 (split mode), and an initial column temperature of 40°C and heated gradually to 300°C at a rate of 8°C/min. The carrier gas (helium) flow was set at 1 mL/min. The temperatures of the transfer line, ion source, and quadrupole were 250°, 230°, and 150°C, respectively. The mass spectra were obtained in a range of 40-500 (m/z) provided through scan mode with a solvent delay time of 3 min, and the compounds were identified based on the comparison of their retention indices obtained using various n-alkanes (C8-C25), according to Adams (2012) .
Bacterial minimum inhibitory concentration (MIC)
Nine bacterium species were used to test MIC of EO (Table 2) . A 40 µg/mL EO solution diluted with 2% polysorbate 80 in Mueller-Hinton broth with 2% glucose was prepared to treat the isolates. The culture medium (100 μL) was distributed into wells of a 96-microdilution plate, and then 200 μL EO was added to the second well. Following homogenization, the solution was transferred to the third well, and so on until the tenth well. Thus, the final concentrations obtained after serial dilution were: 40, 20, 10, 5, 2.5, 1.25, 0.625, 0.312, 0.156, and 0.078 µg/mL. A microbial suspension was prepared in saline with turbidity equivalent to the tube 0.5 of the McFarland scale (1 x 10 8 UFC -unit-forming colony/mL). Next, the 1:10 bacterial suspension was diluted with Mueller-Hinton broth to obtain 1 x 10 4 UFC/mL as inoculums. Similarly, the 1:50 bacterial suspension was diluted 1:20 in Mueller-Hinton broth to yield 1 x 10 5 UFC/mL as inoculums. The suspensions (100 μL) were inoculated in triplicate to each well containing the EO concentrations. The control for sterility was in well number 1. The toxicity control was 2% polysorbate 80 in culture medium in well number 11. The growth control was in well number 12 where the microbial suspension was inoculated into the culture medium. Microplates were incubated at 37°C for 24 h under aerobic conditions. The lowest concentration of EO causing complete inhibition of growth (CLSI, 2009) was reported. A solution of tetracycline (Sigma TM 250163) was used as positive control (0.078-2.5 µg/mL). This antibiotic has a wide range of antimicrobial activity against Gram-positive and Gram-negative bacteria.
Statistical analyses
The statistical design was completely randomized in a 2 x 2-factorial design: 2 levels of HS (with and without) and inoculation (with and without AMF) with 10 replications. Data were submitted to analysis of variance (ANOVA) using a general linear model with mixed-effects and balanced design. Prior to ANOVA, the Levene test was applied to data for homogeneity. Means were compared by the Duncan test (P ≤ 0.05) using the SPSS statistical program, version 22.0, for Windows (SPSS Inc., Chicago, IL, USA).
RESULTS AND DISCUSSION
Studies with AMF in open fields demonstrate that factors such as pesticides, soil moisture, temperature, pH, soil nutrient content, and light intensity may influence colonization (Smith and Read, 2008) . In the greenhouse, the mean temperature ranged from 30.21° to 35.41°C during the 4 months of study.
The pH 5.5 of the soil used in the experiment (Table 1 ) is within the range described by Sambatti et al. (2003) for the soils of the Caiuá Sandstone of Umuarama, Paraná. The phosphorus content in the soil was 8.26 mg/dm 3 , below the values found by Sambatti et al. (2003) . It is worth mentioning that low phosphorus content in soil is a favorable condition for root colonization by AMF (Toussaint et al., 2007) . The low carbon content (Table 1) indicates low levels of organic matter in the soil. Thus, the addition of HS would be an important practice to stimulate the growth of basil (Verma et al., 2016) .
The soil spore density with AMF inoculation and without HS addition was 2.11 (number of spores/g dry soil); however, with HS addition, it was 3.98 (Table 2) . It corresponds to an 89% increase (P < 0.001) in the AMF spore density. However, it was observed that AMF root colonization did not differ significantly among different doses of HS. In this study, AMF root colonization ranged from 71.1 to 75.8% among treatments, being this range considered high. In studies performed by Toussaint et al. (2007 Toussaint et al. ( , 2008 , the basil inoculated with Glomus mosseae and Glomus caledonium presented root colonization range of only 15 to 58%. SDM accumulation was influenced (P < 0.001) by inoculation and addition of HS to the soil (Table 3 ). The addition of HS to soil increased plant SDM. However, higher responses in SDM accumulation resulted from AMF inoculation, which doubled the SDM values in comparison with the control (without AMF and HS) ( Table 3 ). This result corroborates with the studies of Khaosaad et al. (2006) and Karagiannidis et al. (2011) . The authors observed a significant increase (2 to 4.7 times) in the dry mass production of mint and oregano plants when submitted to AMF inoculation. In a recent study, the co-inoculation of the AMF Glomus aggregatum and the fungus Trichoderma harzanium was tested in basil plants, which resulted in increased plant growth and EO production (Tiwari et al., 2017) . The authors also observed that this co-inoculation more than doubled the SDM production of basil plants.
Mycorrhizal associations have benefited growth and development of plants, mainly in low fertile soils, in contrast with non-mycorrhizal plants (Tran and Cavagnaro, 2010) . For example, the mycorrhizal inoculation with Glomus intraradices plus an addition of HS to the soil (as vermicomposting) has increased basil growth by 56% and EO production by up to 48% (Verma et al., 2016) .
As observed in the present study, the positive effects of HS addition, such as the 62% increase in SDM of non-inoculated plants, could be explained by accelerated root growth, increased plant biomass, and altered root structure. Increased root hairs and thin lateral roots commonly result in a larger surface area and/or longer root system (Befrozfar et al., 2013) . The cellular and molecular structure of the action of humic acids is not fully understood yet. However, studies have demonstrated a typical auxin effect from stimulation of the activity and promotion of the synthesis of H + -ATPases in cellular plasma membranes (Canellas et al., 2002) . Humic substances, in the form of vermicomposting, have increased growth and production of basil's EO (Pandey et al., 2016; Verma et al., 2016) .
The EO yield ranged from 0.05 to 0.29% (Table 3 ). The highest EO yield (0.29%) was observed in the treatment with AMF and without HS; while the lowest EO yield (0.05%) was verified in the treatment without AMF and HS. Other basil studies demonstrated that EO yields ranged from 0.2 to 0.4% (Barcelos et al., 2013; Hazooumi et al., 2015; Avetisyan et al., 2017) , which approximate the values found in this study. According to Verma et al. (2016) , HS can cause a partial oxidative phosphorylation in mitochondria, acting as plant growth regulators by increasing the biomass production and, consequently, the content of secondary metabolites, including EOs.
EO yield can be increased by plant association with AMF, which benefit root ramification, improving water absorption and phosphorus uptake. In addition, AMF can also influence the chemical composition of EOs (Copetta et al., 2006 (Copetta et al., , 2007 Hazooumi et al., 2015) .
A total of 14 chemical compounds were found in the basil EO (Table 4) . Linalool, 1,8 cineole, estragole (methyl chavicol), eugenol, and α-trans-Bergamotene were the major compounds identified. The 1,8 cineole content ranged from 7.96 to 10.28%; however, this compound was not found in the control (treatment without AMF and HS). Linalool and estragole were predominant in all treatments, showing contents ranging from 27.53 to 47.17%. AMF inoculation and/or HS addition increased the contents of these two components (Table 4) . Linalool and estragole are classified as oxygenated monoterpenes and also appeared as the major compounds of the basil EO cultivated with different levels of zinc (Hanif et al., 2017) . Table 3 . Spore density (number of spores/g dry soil) and root colonization (%) of arbuscular mycorrhizal fungus (AMF), shoot dry matter (SDM, g), and essential oil (EO) yield (%) of basil non-inoculated and inoculated with Claroideoglomus etunicatum in soil without or with humic substances (HS). Data are reported as means ± standard error with ten repetitions. *Five repetitions. Data with different letters in the same column differ significantly by the Duncan test at 5% probability.
Eugenol (33.90%) was found only in the control and α-trans-Bergamotene (5.87-9.92%) only in treatments without AMF inoculation. A study with AMF inoculation in basil demonstrated an increase in the EO yield and chemical alterations in the EO composition (Copetta et al., 2007) . The authors verified increased contents of some EO compounds, with a predominance of eugenol, followed by linalool, eucalyptol, β-myrcene, and α-terpineol. In the present study, eugenol was not detected in the EO of AMF treatments, but linalool and estragole were found in increased contents. Avetisyan et al. (2017) also found linalool (68%) and estragole (57.3%) as major compounds of the basil EO. According to the authors, these compounds are responsible for the peculiar aroma of basil and have antioxidant and antimicrobial activities. Linalool and estragole were also the major compounds of the basil EO in studies carried out in India (Elansary et al., 2016; Pandey et al., 2016; Padalia et al., 2017; Tiwari et al., 2017) and Canada (Elansary et al., 2016) .
Due to the low EO yield obtained in the control (treatment without AMF and HS), the amount of extracted EO was not sufficient to evaluate the MIC for bacteria showed in Table  2 . The antimicrobial activity (MIC) of the basil EO was generally low or inexistent. Among Gram-positive bacteria, Bacillus cereus was inhibited at 1.25 mg/mL MIC in the treatment without AMF inoculation and with HS addition (Table 5 ). This was the lowest MIC value found for the basil EO in this study. According to Duarte et al. (2005) , this MIC value represents a medium antimicrobial activity. Among Gram-negative bacteria, Salmonella enterica, Shigella flexneri, Klebsiella pneumoniae, and Xanthomonas axonopolis were responsive to the EO antimicrobial effect, with inhibition occurring at 2.5-10.0 mg/mL MIC. Mith et al. (2016) found a low antimicrobial activity of the basil EO for Salmonella enterica and L. monocytogenes. These authors also found linalool (24.6-29.8%) and estragole (43-47.7%) as major compounds of the basil EO.
Klebsiella pneumoniae and Xanthomonas axonopolis were inhibited at 10 mg/mL MIC in all treatments (Table 5) . Shigella flexneri was inhibited at 10 mg/mL MIC in the treatment with AMF plus HS and at 2.5 mg/mL MIC in the treatment without AMF and with HS (Table 5) . Salmonella enterica was inhibited only in the treatment without AMF and with HS, at 10 mg/mL MIC of the EO. The treatment without AMF and without HS (control) was not tested to MIC due to insufficient EO. A solution of tetracycline was used as positive control (0.1-2.5 mg/mL) and MIC ranged from 0.1 to 0.22 (± 0.002 SE).
In this study, B. cereus was inhibited at 1.25-5.0 mg/mL MIC, values below those found by Avetisyan et al. (2017) that reported 6.25 mg/mL MIC for the bacterium B. subtilis. Generally, Gram-negative bacteria have been more resistant to EOs than Gram-positive bacteria, probably due to the presence of lipophilic compounds of the EOs (Machado et al., 2012) . However, in the present study, Gram-negative bacteria were more sensitive to basil EO than Gram-positive bacteria.
Some authors reported antioxidant, insecticide, nematicidal, antifungal, and antibacterial activities of the basil EO (Copetta et al., 2006 (Copetta et al., , 2007 Toussaint et al., 2007; Verma et al., 2016; Avetisyan et al., 2017; Hanif et al., 2017; Tiwari et al., 2017) . However, in the present study, the antibacterial effect of the basil EO was low or inexistent. Other characteristics of the basil EO, such as antioxidant, insecticide, nematicidal, and antifungal activities were not tested since the amount of EO extracted of basil plants was not sufficient to perform such analyses.
The composition of the basil EO varied with the different treatments applied. Eugenol was the major compound only in the treatment without AMF and HS. However, AMF inoculation and/or HS addition increased the presence of linalool and estragole, the major compounds found in these conditions. An important point to be considered is the response in growth, yield, and composition of the basil EO after inoculation with other AMF species. Based on alterations verified in the major compounds of the basil EO, according to different treatments, we suggest further studies to assess antioxidant, insecticide, nematicidal, and antimicrobial activities of basil, in addition to investigations on how AMF inoculation and HS addition to crop soils should benefit sustainable production systems, which are a growing concern for farmers and society.
CONCLUSIONS
HS addition to the soil increased the spore density of the AMF and AMF inoculation and HS addition increased shoot dry mass of the basil.
AMF inoculation and/or HS addition increased EO yield. The composition of the basil EO varied with the different treatments applied. AMF inoculation and/or HS addition increased the presence of linalool and estragole in a range of 27.53-47.17%. Eugenol (33.39%) was the major compound only in the control treatment.
The bacteria B. cereus presented the lowest MIC value referent to the basil EO. 
